Microwave blanching (MB) and hot water blanching (HB) samples of L.edodes were first analysed by electronic tongue and then analysed by high performance liquid chromatography (HPLC) for the content of non-volatile flavour components (soluble sugars (mannitol), organic acids, 5ʹ-nucleotides, and free amino acids). The results showed that contents of bitterness and astringency changed markedly (p < 0.05) when the blanching conditions were 60 s (HB) and 300 w 90 s (MB), respectively. The contents of non-volatile flavour components in HB samples (60 s) were relatively low, whereas contents in MB samples (300w 90s) were significantly higher (p < 0.05) as compared to HB, especially the taste-active amino acids and 5ʹ-nucleotides, which were attributed to the equivalent umami concentration (EUC) values. In addition, the EUC values of MB samples did not differ significantly from the fresh ones, suggesting that MB could effectively preserve the MSG (monosodium glutamate)-like components of L.edodes compared to HB.
Introduction
L.edodes is one of most important traditional medicinal and edible delicacies in Asia on account of their nutritional characteristics, desirable complex flavour, and their medicinal properties in preventing tumor and cancer, helping lower blood pressure, and enhancing the human immunity. [1] [2] [3] [4] [5] With the rapid development of industrialized cultivation techniques, L.edodes has been the second widely cultivated mushroom around the world, which represented about 25% of mushroom production and increased more than any other mushroom species. [6, 7] L.edodes has a high nutritional value and the contents of amino acids in stipes and caps are different. [8, 9] About 18 types of amino acids are found in L.edodes, which provides nearly the ideal ratios of all essential amino acids for human nutrition. [10] In addition, L.edodes also is one of the foods with strong umami taste, contributed by aspartic acid, glutamic acid, and 5ʹ-nucleotides, especially 5ʹ-GMP, as well as 5ʹ-XMP, 5ʹ-IMP, and 5ʹ-AMP, which have a remarkable influences on the umami taste. [2] Umami substances are naturally found in various food including sea foods, vegetables, meat and cheese, and they are the typical flavour components responded for the taste of stored mushrooms. [11] However, the content of bitterness and astringency in L.edodes cannot be ignored. Therefore, it requires appropriate pretreatment methods to reduce the content of bitterness and astringency.
Blanching, a kind of pretreatment method of fruits and vegetables processing or cooking could briefly be described as the process of heating vegetables and fruits to a high temperature. It not only destroys the enzymes, reduces the quantity of total microorganism on the surface of fruit and vegetable, excludes air within the organization, but also softens tissue, reduces the nitrate content, and prevents oxidation in vegetables and fruits. [12, 13] Some common blanching methods have already been used in vegetables and fruits, such as HB, MB, high temperature steam blanching and others. HB is one of the most traditional pretreatment methods, which is usually used by people to reduce or eliminate the bitterness and astringency of the vegetables. However, one of its disadvantages is the consumption of large water volumes and loss of nutrients. Compared with HB, MB is a new technology used widely in the field of food in recent years. Uniform treatment, better penetrating power, and lower nutrient losses are its significant advantages. [14, 15] Some studies have reported that HB or MB could significantly increase the content of phenol, reduce the quantity of microorganism and enhance the antioxidant activity in vegetables. [12, 16] Jaworska and Bernaś [17] also reported that different pretreatment methods in mushroom could markedly change the contents of vitamin C, riboflavin, thiamine, and total acidity during the frozen storage period. However, the changes of non-volatile flavour components in mushroom after blanching have not been reported.
In recent years, electronic tongue and high-performance liquid chromatography (HPLC) have widely been used to analyse the non-volatile flavour components of food. Electronic tongue, based on the sensors array, is a special type of instrument, which can mimic human taste and offer a satisfactory taste results close to the human sensory evaluation. [18, 19] Electronic tongue has widely been used for the classification of food products especially in fruit juice, cocoa beans, and wine. [20] [21] [22] In addition, chemical analysis by HPLC provides a quantitative data that cannot be explained according to the overall taste on account of the detection of the method which each taste substance being detected separately and this cannot reveal taste-substance interactions such as suppression and synergistic effects. [19] Therefore, the combination of electronic tongue and HPLC could provide a comprehensive flavour characterisation of L.edodes.
In the present study, we aimed to find the changes of non-volatile flavour components in L.edodes blanched by hot water and microwave. The contents of non-volatile flavour components including soluble sugar and polyols, organic acids, 5ʹ-nucleotides, and free amino acids, were examined and compared after HB and MB. Similarly, the EUC values of mushroom after the treatment of hot water and microwave were also evaluated.
Materials and methods

Materials
Raw L.edodes purchased from a local market (Nanjing, China) with an internal moisture content of 91.95 ± 0.37% (w.b) was of uniform size and then washed and cut into pieces with a mushroom slicer (MSC International Co., Montreal, Canada).
Blanching methods
Hot water blanching: Same quality of raw L.edodes was blanched in boiling water (10%, w/v, 100°C) for 30 s, 60 s, 90 s, 120 s, 150 s, respectively.
Microwave blanching: In order to investigate the effect of MB on the non-volatile flavour components of L.edodes, different blanching time and microwave powers were performed by microwave oven (HC238-AV, Midea, Guangdong, China) in this experiment. The same size pieces of L.edodes were blanched at 60 s for 150 w, 300 w, 450 w, 600 w, and 800 w, respectively. Another experiment was done with the same microwave power (300 w) but different microwave time (30 s, 60 s, 90 s, 120 s, and 150 s, respectively). In addition, small amount of distilled water (5 mL) was added to prevent mushroom coking prior to the microwave blanching.
Electronic tongue measurement
The Insent taste system (SA402B, Beijing, China), which includes multichannel lipid/polymer membrane electrodes, reference electrodes, electronic unit for date acquisition, auto-sampler and personal computer with a progressive chemometric software package was. In addition, the response intensity of each sensor was measured with an Ag/AgCl reference electrode, which is most commonly used in this field. The potentiometric differences between each coated sensor and reference electrode contributed to the intensity value of the measure samples. [23] In this experiment, the same quantity (5 g) of L.edodes blanched by hot water or microwave was smashed with a refiner (MJ-25BM05B, Midea, Guangdong, China) and then centrifuged using a refrigerated centrifuge (Allegra-64R, America). Lastly, the liquid supernatant was taken for electronic tongue analysis. Furthermore, the same volume of water was added before smashing. Prior to analysis, electronic tongue sensors were cleaned by cleaning solution (1, 2, 3) for 90 s, 90 s, 120 s, respectively. Afterwards, conditioning solution and samples were measured by electronic tongue sensor for 30 s, respectively.
Soluble sugar assay
The soluble sugars were extracted and analysed as described by Tsai, Tsai.
[24] Different blanching samples were ground sufficiently and extracted with 50 mL of 80% aqueous ethanol. The suspension was stirred by glass rod for 40 min in the water bath, and centrifuged at 5000 rpm for 15 min. The residual was re-extracted three times. Afterwards, the pooled supernatants were concentrated by rotary evaporators (EYELA OIL BATH OSB-2000, Shanghai, China) and re-dissolved with 75% acetonitrile solution to a final volume of 10 mL. The extract was filtered through a 0.45 μm microfiltration membrane before analysis. Each soluble sugar or polyol was confirmed by a reference compound (Yuanye Bio-Technology Co., Ltd, Shanghai, China) and quantified by a calibration curve.
The soluble sugar and polyols were analysed by Agilent 1200 HPLC system (Agilent technologies, Palo Alto, CA, USA) equipped with the Alltech 3300 evaporative light scattering detectors (ELSD, Alltech Associate, Deerfield, IL, USA). The samples were run on a Sugar-D column (4.6 mm × 250 mm, 5 μm; Nacalai Tesque Inc. Kyoto, Japan) and the mobile phase was composed of deionised water and acetonitrile (LC grade) (25:75, v/v) at a flow rate of 0.8 mL/min. The injected volume was 20 μL and ELSD was operated at 55°C with the nitrogen as the nebulizing gas.
Organic acid assay
Organic acids were extracted as described by Li, Gu [25] with modifications. Different blanching samples were weighed, ground sufficiently and extracted by Ultrasonic extraction apparatus (KQ-250DB, Jiangsu, China) with 10 mL of 0.01 M KH 2 PO 4 (pH = 2.86) solution at 45°C for 30 min. Then, the solution was centrifuged at 5000 rpm for 15 min and the supernatant filtered through a 0.45 μm micro-pore filter membrane prior to analysis.
The assay was performed on a Zorbax Eclipse XDB C 18 column (250 × 4.6 mm, 5 μm, Agilent) with the Agilent 1200 HPLC system (Agilent technologies, Palo Alto, CA, USA). The injection volume was 20 μL and mobile phase was KH 2 PO 4 (0.01 M, pH = 2.86)/methanol (95/5, v/v) at a flow rate of 0.5 mL/min. In addition, the detection wavelength of organic acid was 210 nm by UV and each organic acid was identified by an authentic standard (Yuanye Bio-Technology Co, Ltd, Shanghai, China). Lastly, all the organic acids were quantified use of a calibration curve prepared from the external standards.
5ʹ-nucleotides assay
5ʹ-Nucleotides were determined as described by Pei, Shi [26] with some modifications. Raw L.edodes, HB and MB samples were weighed, ground sufficiently, and extracted with distilled water (20 mL).
The extract was boiled for 1 min, cooled and then centrifuged for 20 min at 4500 rpm. The residue was re-extracted thrice and all the pooled supernatants were concentrated, re-dissolved to a final volume of 10 mL with distilled water. Finally, the extract was analysed by HPLC after filtering with a 0.45 μm micro-pore filter membrane.
The Agilent 1200 HPLC analysis system for 5ʹ-Nucleotide determination was the same as that for organic acids, and soluble sugars. The mobile phase was distilled water/methanol/acetic acid/tetrabutylammonium hydroxide (89.35/10/0.6/0.05, %) at a flow rate of 0.6 mL/min performed on a Zorbax Eclipse XDB C 18 column (250 × 4.6 mm, 5 μm, Agilent). The injection volume was 20 μL detected at 254 nm by UV. Each 5ʹ-Nucleotide also was identified by the authentic 5ʹ-Nucleotide (Yuanye Bio-Technology Co., Ltd, Shanghai, China) and finally quantified using a calibration curve.
Free amino acid assay
The content of free amino acids in the samples was detected by automatic amino acid analyser (Amino acid analyser, L-8900, Tokyo, Japan). Raw L.edodes, HB and MB samples were weighed, ground, and then sulfosalicylic acid (1 mL, 10 g/L) and EDTA (0.5mL, 10 g/L) gradually added. The free amino acids was extracted by ultrasonic extraction apparatus (KQ-250DB, Jiangsu, China), dissolved, and made up to a final volume of 25 mL with distilled water. Lastly, same volume of the extract was taken for drying with the pressure blowing concentrator (CM-12, Beijing, China) and redissolved by hydrochloric acid. The extract was filtered with a 0.45 μm micro-pore filter membrane before analysis.
Equivalent umami concentration (EUC)
The equivalent umami concentration is the concentration of MSG (g/100g), which is equivalent to the umami intensity of that given by a mixture of MSG and 5ʹ-Nucleotide and can be calculated using the following equation. [27] Y ¼
where Y is the EUC of the sample (g MSG/100g), a i is the concentration (g/100g) of each umami amino acid (glutamic acid (Glu) or aspartic acid (Asp)); a j is the concentration (g/100g) of each umami 5ʹ-Nucleotide (5ʹ-GMP, 5ʹ-AMP or 5ʹ-IMP); b i is the relative umami concentration (RUC) of each umami amino acid to MSG (Asp, 0.077 and Glu, 1); b j is the RUC for each umami 5ʹ-Nucleotide relative to that of MSG (5ʹ-AMP, 0.18; 5ʹ-GMP, 2.3 and 5ʹ-IMP, 1), and 1218 is a synergistic constant based on the concentration (g/100g) used.
Statistical analysis
All the assays were performed in triplicate and the experimental data were subjected to analysis of variance (ANOVA) for a completely randomised design by statistical analysis system software (IMP SPSS statistics 20). The least significant difference (LSD, defined when p < 0.05) were used to analyse the significant differences between raw L.edodes, HB and MB samples. The results were expressed as the mean value ± standard deviation (SD).
Results and discussions
Electronic tongue measurements
The correlation between electronic tongue and human sensory evaluation was identified by He et al who reported that electronic tongue sensors were correlated best with human sensory evaluation. [23, 28] The sensory evaluation of raw L.edodes, HB and MB samples were carried out by the electronic tongue test and the radar fingerprint chart of electronic tongue with different hot water blanching time were presented in Figure 1A . The values of bitterness, astringency, and umami had slight changes compared with raw L.edodes when the HB time was 30 s. However, great changes were observed in the bitterness and astringency values as the HB time increased. When the HB time was 60 s, the values of bitterness and astringency decreased to the minimum ( Figure 1B) . Afterward, it almost remained unchanged. In addition, the values of umami in the HB samples almost remained the same. The radar fingerprint chart of electronic tongue with different powers of MB was presented in Figure 1C . The values of bitterness, astringency, aftertaste-B and sourness in MB samples were lower than raw L.edodes and aftertaste-A, umami, richness, and saltiness almost overlapped with fresh sample ( Figure 1C ). The value of astringency in MB samples first decreased, and then remained almost the same with the increase of microwave power. When the microwave power was 300 w, the value of astringency nearly reached the minimum. In addition, the same result was also found in bitterness. However, values of umami in MB samples were almost the same and slight augment was observed in Figure 1D . The radar fingerprint chart of electronic tongue with different times of MB was presented in Figure 1E . Some changes were observed in the values of sourness, bitterness, astringency, and aftertaste-B with different microwave times. The value of astringency and bitterness first decreased to the minimum, and then increased with the extension of MB time ( Figure 1F ). When the MB time was 90 s, the astringency and bitterness values reached to the lowest level. In contrast, the values of umami in MB samples first increased, remained constant, and finally decreased with the increase of MB time. Similarly, the values of umami in MB samples reached higher level when the MB time was 90 s. It can therefore be concluded that contents of bitterness and astringency significantly changed when the blanching conditions were 60 s (HB) and 300 w 90 s (MB), respectively. In order to further explore the difference of non-volatile flavour components in raw L.edodes, HB and MB samples, three samples were selected from all the blanching samples, raw L.edodes, HB (60 s), and MB (300 w 90 s), respectively.
Soluble sugar and polyols
The changes of soluble sugar and polyols in L.edodes after HB and MB were presented in Table 1 . Mannitol was the major soluble mushroom sugar/polyol and the content was 91.99 mg/g dry weight in MB sample, which was significantly higher (p < 0.05) than HB samples (32.82 mg/g dry weight).
There was a possibility that the short time hot water blanching dissolved it in the boiling water, which resulted in its decrease. In addition, Mannitol and other soluble sugars also were considered as a taste-active components in mushroom contributed to the sweet perception. [29] Apart from mannitol, the content of trehalose, fructose and glucose in MB sample (10.32 mg/g, 33.86 mg/g and 23.11 mg/g dry weight) were also significantly higher than in HB samples (p < 0.05, 6.80 mg/g, 10.78 mg/g and 11.36 mg/g dry weight). However, the contents of mannitol, fructose, and trehalose in HB and MB samples decreased compared with raw L.edodes, which could be due to the solubility of sugar (polyol) and the Maillard reaction occurred during the heat treatment. [30] The total content of soluble sugars (polyols) in raw L.edodes, MB, HB samples ranged from 61.76 to 203.09 mg/g dry weight and were in the order: raw L.edodes > MB sample > HB sample. Each value is expressed as mean ± SD (n = 3) and different lowercase letters with in a row means significantly different (p < 0.05)
Organic acids assay
Organic acids are strongly related to the synthesis and metabolism of amino acids, aromatic compounds, esters, and phenols. In addition, succinic acid is the common freshener, which plays an important role in the flavour of L.edodes. Similarly, citric acid also is the major organic acid produced by fungal fermentation. [25] The changes of organic acids in L.edodes after HB and MB were shown in Table 2 . It could be seen that tartaric acid was the major organic acid (68.3 mg/g dry weight) in raw L.edodes, followed by citric acid (31.04 mg/g dry weight), acetic acid (8.33 mg/g dry weight), malic acid (6.08 mg/g dry weight), succinic acid (4.21 mg/g dry weight), and fumaric acid (3.44 mg/g dry weight). The total content of organic acid in L.edodes were significantly (p < 0.05) decreased from 117.4 (raw L.edodes) to 44.76 (HB sample) and 105.21 (MB sample) mg/g dry weight after blanching, respectively. The content of succinic acid in MB sample was 3.35 mg/g dry weight, and it significantly decreased (p < 0.05) compared with raw L.edodes (4.21 mg/g dry weight). However, it was not detected in HB samples, which may attribute to the occurrence of decarboxylation during the blanching of hot water. [31] In addition, the contents of tartaric acid, malic acid, acetic acid, citric acid and fumaric acid also declined in different degrees, which may result in the decrease of astringency value in electronic tongue. [32] 5ʹ-nucleotide Table 3 shows the changes of 5ʹ-Nucleotide in L.edodes after HB and MB. The total content of 5ʹ-Nucleotide in MB samples was 4.11 mg/g dry weight, which was significant higher (p < 0.05) than HB sample (0.75 mg/g dry weight) and markedly lower (p < 0.05) than raw L.edodes (6.61 mg/g dry weight). Yang Joan-Hwa [33] reported that the total content of 5ʹ-Nucleotide in L.edodes was 9.51-24.2 mg/g, which was different from the results of this study. The main constituent of 5ʹ-Nucleotide Table 2 . The changes of organic acid in L.edodes after hot water blanching (HB) and microwave blanching (MB).
Content (mg/g dry weight)
Organic Each value is expressed as mean ± SD (n = 3) and different lowercase letters with in a row means significantly different (p < 0.05). a ND: not detected. Table 3 . The changes of 5ʹ-Nucleotide in L.edodes after hot water blanching (HB) and microwave blanching (MB). in raw L.edodes, HB and MB samples was 5ʹ-UMP (1.84 mg/g dry weight), 5ʹ-CMP (0.36 mg/g dry weight), and 5ʹ-GMP (1.23 mg/g dry weight), respectively.
5ʹ-GMP and 5ʹ-IMP are regarded as flavour 5ʹ-Nucleotide and 5ʹ-GMP gave a meaty flavour, which is a flavour enhancer much stronger than MSG. [29, 33] The content of 5ʹ-GMP in MB samples was 1.23 mg/g dry weight and it was significantly (p < 0.05) higher than in HB samples (0.09 mg/g dry weight). However, 5ʹ-IMP, another typical taste-active component in mushroom and enhances the flavour with other 5ʹ-Nucleotides, was not found. [30] The results may attribute to the effect of thermal decomposition. [34] The content of 5ʹ-AMP in MB sample was 0.74 mg/g dry weight, which was also markedly (p < 0.05) higher than HB samples (0.15 mg/g dry weight). Besides, 5ʹ-AMP could also provide the sweet taste and effectively inhibit the formation of bitter taste in mushroom. [35] Free amino acids
The content of total free amino acids in MB samples was 251.28 mg/g dry weight, as shown in Table 4 , which was mildly higher than in raw L.edodes (230.29 mg/g dry weight) and significantly higher than in HB samples (134.68 mg/g dry weight, p < 0.05). There was a possibility that some free amino acids dissolved in water during the progress of HB, and released from the proteolysis occurring during the microwave treatment. [36] Similar results have also been reported by Tian et al who claimed that microwave treatment could increase the content of total free amino acids. [6] Among all the free amino acids, aspartic and glutamic acids were MSG-like components, which contributed to the characteristic umami taste and gave the most mushroom this taste. [37] MSG-like components could also affect the level of EUC in mushroom and those with high concentration of MSG-like components tended to have a high EUC values as well. The content of the MSG-like components in MB samples (29.14 mg/g dry weight) was slightly lower than in HB samples (30.36 mg/g dry weight), but markedly higher than in raw L.edodes (18.73 mg/g dry weight, p < 0.05). Yang Joan-Hwa [33] reported that the content of MSG-like components in mushroom could be divided into three ranges: high (>20 mg/g), middle (5-20 mg/g), and low (<5 mg/g). Obviously, contents of MSG-like components in MB and HB samples were in the high range and raw L.edodes was in the middle range. Moreover, total content of sweet components in MB samples was 80.52 mg/g dry weight and it was significantly higher (p < 0.05) than HB samples (24.23 mg/g dry weight). The total content of bitterness components in HB samples decreased observably (p < 0.05) and a slight increase in MB samples also was observed. Beluhan and Ranogajec [38] reported that MSG-like components, such as glutamic acid, aspartic acid, and sweet components, including serine, threonine, alanine, and glycine were taste-active amino acids, which could be responsible for the pleasant taste of mushrooms. However, none of the bitterness components in mushroom were found to be taste-active. The results indicated that the bitterness could probably be masked by the sweetness from sweet components, which lead to the decrease of bitterness values detected by electronic tongue. [39] In addition, the total content of essential amino acids in MB samples (92.95 mg/g dry weight) was also dramatically higher (p < 0.05) than in HB samples (48.15 mg/g dry weight), which suggested that MB would help to retain more taste-active amino acids in L.edodes.
Equivalent umami concentration
Yamaguchi, Yoshikawa [27] reported that the synergistic effect between MSG-like components and 5ʹ-nucleotides may enhance the umami taste and the EUC values of flavour components in mushroom could be grouped into four levels as: (1) >1000 g MSG/100g dry weight, (2) 100-1000 g MSG/100g dry weight, (3) 10-100 g MSG/100g, and (4) <10 g MSG/100g. [40] The values of EUC in L.edodes were presented in Figure 2 . It was obvious that the value of EUC in raw L.edodes (892.53 g MSG/100g dry weight) was at the second level. However, with the treatment of HB, the EUC value in HB samples (76.58 g MSG/100g dry weight) was significantly (p < 0.05) decreased to the third level. There was a possibility that short time hot water blanching makes the non-volatile flavour components dissolved in the boiling water, which resulted in the decrease of EUC values. In contrast, the value of EUC in MB samples Figure 2 . Changes of the equivalent umami concentration (EUC) in L.edodes after hot water blanching (HB) and microwave blanching (MB). Each value is expressed as mean ± SD (n = 3) and different lowercase letters with in a row means significantly different (p < 0.05).
increased to 980.62 g MSG/100g dry weight, which was significantly higher (p < 0.05) than HB samples, and no significant difference was observed in EUC values between MB samples and raw L.edodes. This indicated that the microwave treatment not only maintained the umami taste components but also enhanced the umami value.
Conclusion
Based on results of our study, the contents of non-volatile flavour components in L.edodes significantly changed (p < 0.05) when the blanching conditions were 60 s (HB) and 300 w 90 s (MB), respectively. The contents of non-volatile flavour components in MB samples, including soluble sugar (mannitol), organic acids, and 5ʹ-nucleotides were significantly higher (p < 0.05) than in HB samples. More importantly, the contents of some free amino acids in MB samples (especially the taste-active amino acids, which contributed to the EUC values), were also markedly (p < 0.05) higher than in HB samples. However, these non-volatile flavour components decreased after the microwave and hot water treatment compared with raw L.edodes. In addition, the EUC values of MB samples did not remarkably differ from fresh ones, which suggested that microwave treatment could effectively preserve the MSG-like components of L.edodes. Accordingly, MB is an effective blanching method, which not only maintained the taste-active compounds in L.edodes but also decreased the bitterness and astringency levels compared to HB.
